Serum Uric Acid and Cardiometabolic Risk Factors
In recent years, SUA levels have been shown to be strongly associated with the presence of multiple cardiometabolic abnormalities, such as abdominal obesity, hypertension, hypertriglyceridemia, low high-density lipoprotein-cholesterol (HDL-C), and impaired glucose tolerance, in adults. 2,18-20 Vascular endothelial dysfunction and smooth muscle cell proliferation by direct action of UA have been suggested as possible mechanisms for the deleterious effects, 21,22 while it may also exert an antioxidant property. 23 In Western countries, several investigators have demonstrated a close relationship between SUA levels and the prevalence of primary hypertension 24- 26 and metabolic syndrome and several of its components 27,28 among children and adolescents, and some of them have noted the strong association between SUA and carotid atherosclerosis among obese children, independent of classical metabolic and lifestyle risk factors. 28 The association between SUA and cardiometabolic risk factors, however, as well as metabolic syndrome has not yet been clarified among Japanese children. The purpose of the present study was to examine whether SUA levels might be associated with the prevalence of cardiometabolic risk factors and to determine optimal cut-offs of SUA to identify multiple risk factors using a cross-sectional study design in a sample of healthy Japanese junior high school students. We also examined whether SUA levels were correlated with each cardiometabolic risk factor in a group of the students who had a serial screening test.
Methods

Study Design
We have recently reported that the number of young Japanese patients with coronary heart disease (CHD) aged <40 years associated with multiple metabolic and lifestyle risk factors is increasing with seasonal difference in onset, 29 and that obesity that had appeared earlier in life (ie, at <18 years of age) is the most important independent metabolic risk factor for CHD events. 30 Based on these results, the Study on the Development of the Educational System for Prevention of Lifestyle-related Diseases among Children in Shinshu started in 2004. This project further extended to the Study Project on Prevention of Metabolic Syndrome among Children, Adolescents, and Young Adults in Shinshu, which was established in 2006 at Shinshu University School of Medicine, Matsumoto, Japan, in order to develop more effective health educational programs to prevent lifestyle-related diseases 31 in the young population.
Between April 2006 and June 2008, we conducted a crosssectional study of 958 Japanese junior high school students (518 boys and 440 girls, aged 12.1-15.0 years) who had annual school health examinations at the 3 schools in the various regions (urban, rural, and mountain communities) of Nagano Prefecture in the central part of Japan. After written informed consent was obtained from both the students and their parents, the students underwent measurements of resting systolic and diastolic blood pressure (SBP, DBP) and waist circumference (WC) as well as body height (BH) and weight (BW), and provided overnight fasting venous blood samples. It has been reported that WC is positively correlated with visceral adipose tissue area derived from computed tomography at the level of the umbilicus in obese children 32 as well as in adults 33 in Japan. Each participant was then asked to complete a self-administered questionnaire addressing lifestyle factors, such as dietary pattern and habit and physical activity, as well as the coexistence of cardiometabolic risk factors, including dyslipidemia, impaired glucose tolerance, and hypertension. The study protocol was approved by the Medical Ethics Committee of Shinshu University School of Medicine.
Measurements WC was measured at the level of the umbilicus using a measuring tape, and then the ratio of WC to BH (WC/BH ratio) was derived. Percentage of overweight (POW) was calculated from an age -height-related standard of weight for healthy Japanese children. The POW was defined as percentage of weight difference from the standard weight. BP was determined after a 10-min rest in the sitting position using a mercury-gravity sphygmomanometer. All laboratory analyses of the blood samples, including serum concentrations of total cholesterol (TC), HDL-C, and triglycerides (TG), fasting plasma glucose (FPG), and hemoglobin (Hb) A1c, were performed using standard methods. Serum levels of low-density lipoprotein-cholesterol (LDL-C) were calculated using Friedewald's equation, except for serum TG levels >400 mg/dl. Measurement of FPG was carried out in the participants who had fasted ≥6 h. SUA levels were determined with the Uricase method (Wako, Tokyo, Japan).
Thirty-two students (30 boys and 2 girls, aged 12.1-15.0 years) had a serial screening test, in which resting BP, WC, BH, BW, and biochemical data of the blood samples were measured twice at an interval of 6 months.
All participants had no chronic diseases and received no medication in the present study.
Definition of Metabolic Syndrome and Cardiometabolic Risk Factors
Metabolic syndrome was identified by the presence of abdominal obesity in association with at least 2 of 3 conditions, such as hypertriglyceridemia and/or low HDL-C, high BP, and elevated FPG levels according to the criteria recently proposed by a Task Force financed by the Ministry of Health, Welfare, and Labor Science Research Grants in Japan as follows: 34 abdominal obesity was defined as a WC ≥80 cm and/or WC/BH ratio ≥0.5. Hypertriglyceridemia was confirmed on serum concentrations of TG ≥120 mg/dl. Low HDL-C was identified as serum HDL-C <40 mg/dl. Increased fasting glucose was defined as FPG ≥100 mg/dl. High blood pressure was defined as SBP ≥125 mmHg and/or DBP ≥70 mmHg. In addition, we adopted the criteria of hypertension in Japanese junior high school students at a medical check-up recommended by the Japanese Society of Hypertension, in which hypertension was defined as SBP ≥140 mmHg and/or DBP ≥85 mmHg in boys, and SBP ≥135 mmHg and/or DBP ≥80 mmHg in girls. 35 Dyslipidemia was identified as serum TG ≥120 mg/dl, 34 HDL-C <40 mg/dl, and/or LDL-C ≥140 mg/dl. 36 Hyperuricemia was defined as SUA ≥7.0 mg/dl according to the criteria recommended by the Japanese Society of Gout and Nucleic Acid Metabolism. 37
Statistical Analysis
Gender-specific quartiles of SUA were used because there was a substantial difference in the SUA concentrations between the boys and girls. The differences of categorical variables, including prevalence of metabolic syndrome and its component and dyslipidemia, were examined using chi-square test or Fisher's exact test. The significance of continuous variables, such as age, WC, WC/BH ratio, POW, SBP, DBP, HDL-C, TG, LDL-C, FPG, and HbA1c, between the groups was analyzed on unpaired t-test or analysis of variance for HONGO M et al.
repeated measures and Newmann -Keuls post-hoc test. To estimate the association between SUA levels and the presence of cardiometabolic risk factors, multivariate logistic regression analysis was performed after adjustment for age, POW, and HbA1c. Correlations between the percentage change in SUA and the percentage changes in WC, WC/BH ratio, POW, SBP, DBP, HDL-C, TG, and FPG were assessed on linear regression analysis in the serial screening test. Receiver operating characteristic (ROC) curve analysis was conducted to determine optimal cut-offs of SUA in relation to 2 or more of the cardiometabolic risk factors. We defined the cut-offs as those with the highest accuracy that maximized the Youden index (sensitivity + specificity -1). 38 Area under the curve (AUC) was computed and analyzed on unpaired t-test. All analyses were performed with SPSS software version 12 (SPSS, Chicago, IL, USA) and P<0.05 was considered statistically significant.
Results
SUA levels were classified into the following 4 categories: (1) ≤4.9 mg/dl (mean 4.3 mg/dl); (2) 5.0-5.6 mg/dl (mean 5.3 mg/dl); (3) 5.7-6.3 mg/dl (mean 6.0 mg/dl); and (4) ≥6.4 mg/dl (mean 7.1 mg/dl) for boys; and (1) ≤3.9 mg/dl (mean 3.5 mg/dl); (2) 4.0-4.4 mg/dl (mean 4.2 mg/dl); (3) 4.5-4.9 mg/dl (mean 4.7 mg/dl); and (4) ≥5.0 mg/dl (mean 5.5 mg/dl) for girls.
Baseline Characteristics
With regard to the total number of students, the highest number of students occurred at a SUA level between 4.5 mg/dl and 5.0 mg/dl ( Figure 1A) . When the distribution was stratified according to gender, the highest number of boys occurred at a SUA level between 5.5 mg/dl and 6.0 mg/dl, and the highest number of girls occurred at a SUA level between 4.0 mg/dl and 4.5 mg/dl ( Figure 1B) . None of the girls had a SUA level >7.5 mg/dl. The mean SUA level in boys was significantly 
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greater than that in girls in total (5.64±1.17 mg/dl vs 4.46± 0.82 mg/dl, P<0.001), and asymptomatic hyperuricemia was present in 12.4% of the boys and 0.2% of the girls ( Table 1) . The SUA levels increased with age in boys, whereas they were not different in girls ( Table 1) . There was no significant difference in SUA levels and prevalence of hyperuricemia among students from the 3 different areas. Because the number of students with low HDL-C and/or hypertriglyceridemia was small, we categorized these students into dyslipidemia as defined in the previous section and assessed the relationship between SUA and dyslipidemia. In boys there was a graded increase in age, WC, POW, SBP, and DBP and a graded decrease in HDL-C. There was a significant increase in WC/BH ratio, TG, and LDL-C in the highest quartile of SUA compared with its lowest quartile ( Table 2 ). The prevalence of abdominal obesity, hypertension, and dyslipidemia was significantly greater in the highest quartile of SUA than that in the lowest quartile ( Table 3) . In girls, WC/BH ratio had a graded increase and HDL-C had a graded decrease. There was a significant increase in WC, POW, TG, and LDL-C in the highest quartile of SUA compared with its lowest quartile ( Table 2 ). The prevalence of abdominal obesity was sig- HONGO M et al. 
nificantly increased in the highest quartile of SUA compared with the lowest quartile ( Table 3) . No significant difference was found in the prevalence of increased FPG among quartiles of SUA in both genders ( Table 3) .
SUA and the Presence of Cardiometabolic Risk Factors
In the present study only 8 (0.8%) of the students (4 boys and 4 girls) had metabolic syndrome. Because it is well known that clustering of multiple cardiovascular and hemodynamic risk factors of endogenous origin occurs in individuals in relation to metabolic syndrome, we examined the relationship between SUA and the following 4 cardiometabolic risk factors: abdominal obesity, dyslipidemia, hypertension, and increased FPG. Compared with the lowest quartile, SUA was significantly associated with abdominal obesity, hypertension, and dyslipidemia in the highest quartile and with hypertension in the third quartile in boys, and it was associated with abdominal obesity in the highest quartile in girls, after adjustment for age, POW, and HbA1c (Table 4) . No significant association was found between quartiles of SUA and increased FPG in both genders ( Table 4) . The mode of association between SUA and cardiometabolic risk factors did not differ among students from the 3 different areas. ROC curve analysis demonstrated that a maximum Youden index was obtained at a SUA cut-off of 6.4 mg/dl for boys (sensitivity 57% and specificity 76%) and 4.9 mg/dl for girls (sensitivity 63% and specificity 69%). AUC was 0.620 for boys and 0.645 for girls, respectively, without significant difference (Figure 2) .
Serial Screening Test
Of the 32 students who had a serial screening test, 28 of the 30 boys and 1 of the 2 girls had SUA >7.0 mg/dl at the initial assessment. Although the correlation between percentage change in SUA and that of WC was of borderline significance (r=0.32, P=0.07; Figure 3A) , SUA was significantly correlated with WC/BH ratio (r=0.45, P<0.01; Figure 3B ). There were no correlations between percentage change in SUA and percentage changes in POW (r=0.15, P=0.40; Figure 3C) , SBP, DBP, HDL-C, TG, or FPG.
Discussion
Using a school-based sample of Japanese junior high school students, we demonstrated that compared with the lowest quartile of SUA, prevalence of abdominal obesity, hypertension, and dyslipidemia was significantly increased in the 
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highest quartile in boys and that of abdominal obesity was increased in the highest quartile in girls. After adjustment for age, POW, and HbA1c, there was a strong association between SUA and the presence of multiple cardiometabolic risk factors in boys. The optimal SUA cut-off to predict multiple risk factors on ROC curve analysis was identified as 6.4 mg/dl for boys and 4.9 mg/dl for girls. It will be important to evaluate surrogate markers of metabolic syndrome because of metabolic syndrome low prevalence among Japanese children.
SUA and the Presence of Cardiometabolic Risk Factors
Several population-and community-based studies suggested a strong association between SUA and metabolic syndrome and its components among children and adolescents. 27, 28 Ford et al analyzed the cross-sectional data of 1,370 US children and adolescents aged 12-17 years from the National Health and Nutrition Examination Survey (NHANES) 1999-2002, and found a graded positive association between SUA and the prevalence of metabolic syndrome or its components, independent of classical risk factors. 27 They found that, of the 5 components of metabolic syndrome, SUA was significantly associated with abdominal obesity, hypertriglyceridemia, and hyperglycemia, and a borderline association was observed between SUA and high BP. 27 In contrast, in the present study, although the percentage of students with metabolic syndrome was very small, there were differences in the manner of association between SUA and each cardiometabolic risk factor. SUA was significantly associated with abdominal obesity, dyslipidemia, and hypertension in boys and there was a significant association between SUA and abdominal obesity in girls, whereas there was no association between quartiles of SUA and increased FPG in both genders. The discrepancies in the results between the study by Ford et al 27 and the present one might be due to differences in race, ethnicity, and sample size. Furthermore, the fact that they categorized both genders into one group despite the existence of a marked gender-related difference in SUA levels might be related. Oyama et al found a significant positive correlation between SUA and obesity-related indicators, such as BMI and POW, in a sample of population-based healthy Japanese children aged 9.1-15.0 years. 39 The prevalence of obesity was higher in the Oyama et al study 39 than in the present one. The rate of hyperuricemia in boys, however, was similar (12.8% vs 12.4%) between the 2 studies. Although we could offer no explanation for the discrepancies in these results, the differences in the subjects might be a factor. In the present study SUA levels and mode of association between SUA and cardiometabolic risk factors were not different among students from the 3 different regions of Nagano Prefecture. This might be due to the marked changes in lifestyle, such as dietary patterns and manner of transportation systems, even in the rural and mountain communities.
The present study identified appropriate SUA cut-offs in relation to multiple cardiometabolic risk factors on ROC curve analysis in a Japanese sample of junior high school students. Maximum sensitivity plus specificity for 2 or more of the risk factors was obtained at a SUA of 6.4 mg/dl for boys and 4.9 mg/dl for girls. There was no significant difference in the AUC between both genders, suggesting that with respect to SUA, its importance in identification of multiple cardiometabolic risk factors was nearly identical. It was notable that the present SUA cut-offs were lower than those in patients with hyperuricemia according to the criteria recommended by the Japanese Society of Gout and Nucleic Acid Metabolism, 37 which were based on the conditions as a cause of urate deposition diseases rather than lifestyle-related diseases.
A recent study by Pacifico et al found that SUA was significantly associated with the homeostasis model assessment of insulin resistance, independent of age, gender, and serum creatinine in a sample of obese children. 28 In the present serial study, in which the majority of the students had hyperuricemia at initial assessment, it was of interest that there was a significant positive correlation between changes in SUA and those in WC/BH ratio but not changes in POW. This corresponded well with prior studies that found that central adiposity as measured by WC was associated with cardiometabolic risk factors as well as fasting insulin levels, independent of body mass index. 40- 42 These observations suggest that serial screening of SUA is important to assess insulin resistance, which is an underlying condition of metabolic syndrome.
Study Limitations and Implications
There were several limitations in the present study. First, although elevated SUA levels were associated with cardiometabolic risk factors, it remains unknown whether UA has a causal role 43 in each risk factor in the clinical setting. Second, students who were enrolled were from 3 schools in the different regions of Nagano Prefecture. Because it would be expected that there is a difference in the prevalence of obesity and other cardiometabolic risk factors in different regions of Japan, a nationwide prospective survey including investigations in other youth age groups is required to determine whether the present findings of a significant association between SUA and clustering of cardiometabolic risk factors are representative of Japanese children and adolescents. Third, the etiology of hyperuricemia, which could influence outcome, was not clarified in the present study. It is generally recognized that a number of genetic and lifestyle risk factors may largely affect both synthesis and renal clearance of UA, thereby influencing SUA levels. Thus, a more precise assessment of the underlying pathophysiological mechanisms for hyperuricemia including genetics 44 is needed in each individual. Finally, it was unknown whether hyperuricemia among children has prognostic value for cardiovascular diseases in the present study. A recent population-based study with a cross-sectional design found a significant independent association between SUA levels and subclinical carotid atherosclerosis as assessed on carotid intima -media thickness in obese children, and the investigators proposed UA as a risk factor for early signs of atherosclerosis. 28 To establish the exact prognostic significance of SUA in the development of cardiovascular and cerebrovascular events among children and adolescents, further longer follow-up studies are required.
It is necessary to recognize predictors of future risk of atherosclerotic cardiovascular diseases for early detection and preventive measures in children and adolescents. 45, 46 The present results indicate that a substantial percentage of male Japanese junior high school students with elevated SUA levels have multiple cardiometabolic risk factors. Thus, the present study may provide insights into the role of SUA in the school screening system for the development of educational programs on prevention of lifestyle-related diseases, and contribute to the setting of new reference values of SUA based on the presence of multiple cardiometabolic risk factors in the Japanese population of junior high school students.
